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Abstract. The paper shows the possibility of constructing models of objects that have the highest average values of
scattering characteristics in certain sectors of observation angles. With the use of the designed algorithm, we made
the calculation of the dependencies of the characteristic dimensions of the hollow structure with maximum average

values of the scattering characteristics.
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Introduction

Conducting processes of modelling of
electromagnetic waves scattering on various objects
with a complex shape is of great importance in
connection with the need to meet the challenges of
radar  recognition, to solve problems of
electromagnetic compatibility [1-3].

At the moment, we know a great number of
models on the basis of which, including those with
analytical formulas we can carry out evaluation of
scattering characteristics of various objects [4, 5].

For certain conditions it is necessary to have
information not about the angular dependence of
scattering characteristics, but about their average
values in the specified sectors of observation angles
[6]. In various literature data can be found on average
values of RCS (radar cross section) on objects of
simple shape (disc, plate, etc.) [7]. But for the general
case in the calculation of the scattering characteristics
it is necessary to use numerical methods [8].

It is of particular interest to carry out the
development of a fairly simple model for calculating
the size of the object that has maximum average
values of scattering characteristics for a particular
sector of observation angles.

The aim of the paper is to conduct research
on the possibility of using the "ant" algorithm for
constructing objects that have maximum average
scattering characteristics.

To achieve this goal it is necessary to do the
following:

1. To suggest a structure of a subsystem for the
analysis of the diffraction patterns.

http://www.lifesciencesite.com

463

2. To examine the model of calculating the scattering
characteristics of hollow structures having maximum
average scattering characteristics based on

a combination of the method of integral equations
and the "ant" algorithm.

3. On the basis of these results to make a conclusion
on the possibility of using the proposed approach.

The structure of a subsystem for the analysis of
the diffraction patterns of the antenna system.

We can ensure to what extent the modelling
results are valid and reliable by comparing these
results with experimental data. Because there is a
limitation on laboratory space, making patterns of
objects that have complex geometric shapes can be
quite costly. In this regard, computer modelling, the
use of computer-aided design (CAD) in many cases
seems to be the only possible approach.

Figure 1 provides a subsystem structure 1 of
the analysis of the diffraction patterns of the antenna
systems. The shape of the diffraction patterns can be
quite complex, measures often fall into the resonance
area. On this basis, it may be appropriate to apply the
method of integral equations in the analysis [8].

Method of integral equations

Method of artificial intellect |

Method of optimization |

Fig. 1. Subsystem structure of the analysis of the
diffraction patterns of antenna systems

To carry out the calculation of RCS objects
containing N reflectors, which do not react, it is
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possible to use an approach associated with the fact

G, as well
incident

that RCS values for each of the reflector
as the phase difference in the
electromagnetic waves are well known [9]'

c= ZG +2- ZJG -G, cos— Ar,

i>j
)
where Ar,. =r, —r,, V. is the distance between

the center of the i reflector and the observation point.
For practical use it should be noted that the advantage
of the formula (1) is in analytical methods rather than
numerical methods are used for the calculation.

Model

We will use the following calculation model.
We select a specific part on the object. Let the total
length of the circuit on this part (in the three-
dimensional case, we consider the surface area) is

La . We select a section for this circuit, which has a

characteristic size a.

The above approach can be used, e.g., for
objects with symmetry [10] or in the case where the
analyzed sector of observation angles is close to the
normal to the examined sections.

We will carry out constructing a model for
calculating the size of the object with maximum
average values of the scattering characteristics for the
hollow structure. Modern technological items include
a large number of hollow structures, and the power of
the secondary radiation of such elements can be
substantial [6].

We will consider a two-dimensional model.
From the literature, it is known that the two-
dimensional model of the hollow structure can be
used in the evaluation of the scattering characteristics
of hollow structures, which have a rectangular cross-
section [11].

Suppose the aperture size of the hollow
structure is b, the length is L (Figure 2). The load of
the hollow structure has the form shown in the figure,
we can distinguish the characteristic size of b on it,
then the total amount of the load circuit is
L, =b/cos(p)+2-L.

As a characteristic parameter, we select the
size of the aperture b. It is required to find b and
La , for which the average RCS in certain sectors of
the angles has maximum values. In solving the

problem, the angle O is measured from the normal to
the aperture of the hollow structure.

When analyzing the scattering
characteristics the sector of the observation angles
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changed in a large range: 5°< A <90°, we have
considered the area of the front hemisphere. The
scattering characteristics were calculated based on the
method of integral equations [8].

E \‘j I
6 12

b J
v

L
Fig. 2. Schematic scattering of electromagnetic
waves on a hollow structure with an aperture size
a and a length L, the load has an inclination angle

o

For the Fredholm equation of the first kind,
containing an unknown electric current density at E-
polarization [12], we can write the following

expression:

o-p B

=0 LI Bl Lo(e0]/&2 (0 +n® (0dt = ES (1)°
a<t<B, 2)
where

L, (5,1) = \[E(D) - (O] +[n(x) - n()T’

represents the distance between the observation point
and the Eg (t) denotes the

longitudinal component of the primary electric field
intensity for the pomt on the circuit. The circuit is
given in parametrlc form:
x =&(1), y =n(v), a<t<B tEm.m©
represent the first derivatives of the respective
functions, K =2-m/ A, A
electromagnetic wave.

Equation (2) is solved by the method of
moments, we find the longitudinal electric currents
having a density

1=7-j(t), a<t<B, 3)
Two-dimensional RCS of the hollow
structure can be found from the following expression

(4)

integration point,

— length of the incident

where
p
D(¢)= Ij(t)- &% (1) +n'" (1) -exp(i -k - d(t, @))dt’

d(t, @) = &(t) - cos(e) +n(t) - sin(¢p).
We calculate the average of the RCS, based
on the following expression

— zcs(e)

o N+1

©)
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where o(0,) is the value of RCS for the

observation angle 0..

The problem of determining b and La ,

which give the maximum average RCS in a given
sector of observation angles, we solved as follows.

We set the sector value of observation angles AO .
For different values of [, we determined values of

the aperture b. The function ¢ =a(b,L,) is
multiextremal, and in this regard, in the calculations
of L . We used the grid method [13] with a consistent

narrowing of the area of defined values. For each
section of the grid, we used the ant algorithm [14,
15].

It uses a transition rule: The ant, which is the point r,
is to choose the next point s, based on the following
equations:

arg max {[z(r w01 B} 4<4,
the choice is
according to
the following

equation otherwise

here jk(l') is the set of cells in the grid, which are
required for the ant k to visit, it is located on the point
r in the grid, T(T,S) represents a measure of the
pheromone, n(r,u)=1/8(r,u) » Wwhile the weight
O(r,u) is selected as the distance between the points,
we denote the random value as ¢, q, is a parameter
(0<q<1,0<q, <)

In the case Whel’quqO, the ant will select

the next point in accordance with the following
equation:

[e(r,8)]-[n(r, )]
2 Le(rw)]-[n(r,w))’

ued, (r)
0, otherwise

i sed, (0, (7)

pi(r,s) =

where p, (r,s) denotes the probability that the point s
will be selected by the ant k, which is located at the
pointr.

The rule of local update is used:
1(1,8) < (1—p)-1(1,8) + p- At(r,8),

where p is the local parameter, 0 >p>1,
At(r,s) presents a sum of the pheromone that has
been left by the ants.

There is a match of the global update rule
and the following equation:

1(r,8) < (1-a) - 1(r,8) + o - At(1,8) )
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where QU is the global parameter, 0 > o > 1,
At(r,s)=1/(the best global length) , in the case if the

segment (7, s) belongs to this length.

Results
Fig. 3 shows the dependence of the length of

the circuit La from the aperture value b of the
hollow structure, under which the maximum average
RCS o =o(b,L,) can be achieved.

We conducted approximation of the obtained
dependences [, from the b by polynomial

dependencies within the method of least squares [16].

It was found that the maximum
approximation error would occur in the case where
there are restrictions on the sector of observation
angles: 0°< AQ <20°. From the point of view of
practical application good approximation (relative
error is less than 5%) is obtained for 25°<A0<90°
with a degree of approximatir(lg)polynomial n>4.

Laia 30 [

25 :_

| §

8 10 12
bia

Fig. 3. The dependence of the length of the circuit
of the hollow structure (Fig. 2) L, from the value

of sizes of the aperture b under the maximum
average RCS in the sector of the angles A =5°
(curve 1), AO =15° (curve 2) with the angle ¢=20°

Findings of the research

The paper shows the structure of the
subsystem analysis of diffraction patterns of the
antenna system.

On the basis of the examined model we
demonstrated the possibility(&ith the example of a
hollow structure, having a complex load, of
determining the characteristic size of the object,
which has the maximum average values of the
scattering characteristics.

The characteristics of the approximating
polynomial for the size of the hollow structure with
the maximum average scattering characteristics are
given.

lifesciencej@gmail.com




Life Science Journal 2014;11(12)

http://www.lifesciencesite.com

Corresponding Author:

Dr.Lvovich Yakov Yevseevich

Voronezh Institute of High Technologies, 73a Lenina
Str., Voronezh, 394043, Russia

Pan-European University, Tomasikova 20, SK-821
02 Bratislava, Republic of Slovenia

References

1.

Tzong-Lin, Wu., F. Buesink and F. Canavero,
2013. Overview of Signal Integrity and EMC
Design Technologies on PCB: Fundamentals
and Latest Progress, IEEE Transactions on
Electromagnetic Compatibility, 55(4): 624-638.
Lin, J.C., 2006. A new IEEE Standard for safety
levels with respect to human expouse to radio-
frequency radiation. IEEE Antennas and
propagation Magazine, 48(1): 157-159.

Baum, C.E., 2007. Reminiscences of High-
Power Electromagnetics. IEEE Transactions on
Electromagnetic Compatibility, 49(2): 211-218.
Khenchaf, A., 2000. Bistatic Scattering and
Depolarization by Randomly Rough Surface:
Application to Natural Rough Surface in X-
Band. Wave in Random and Complex Media,
11(2): 61-87.

Todice, A., 2002. Forward-Backward Method
for Scattering from Dielectric Rough Surfaces.
IEEE  Transactions on  Antennas and
Propagation, 50(7): 901-911.

Preobrazhenskiy, A.P., 2007. Modelling and
analysis  algorithmization of  diffraction
structures in CAD of radar antennas.
Association of non-state educational/public
organizations, Voronezh institute of high

8/28/2014

http://www.lifesciencesite.com

466

10.

11.

12.

13.

14.

16.

technologies,  Russian ~ New  University
(Voskresenskiy branch). Voronezh: Nauchnaya
Kniga, pp: 248.

Kobak, V.0., 1972. Radar reflectors. Moscow:
Sov. radio, pp: 248.

Harrington, R.F., 1993. Field Computation by
Moment Method. New York: IEEE Press.
Shtager, E.A. and E.N. Chayevskiy, 1974.
Wave Scattering on bodies of complex shape.
Moscow: Sov. radio, pp: 240.

Vasilyev, E.N., 1987. Excitation of bodies of
revolution. Moscow: Radio i svyaz, pp: 270.
Ling, H., 1990. RCS of waveguide cavities: a
hybrid  boundary-integral/modal  approach.
IEEE Trans. Antennas Propagat., 9(AP-38):
1413-1420.

Zaharov, E.V. and Y.V. Pimenov, 1986.
Numerical methods for solving problems of
diffraction. Moscow: Radio i svyaz, pp: 184.
Lvovich, Y.E., 2006. Multialternative
Optimization: Theory and  Applications.
Voronezh: Quarta, pp: 415.

Hu, X., J. Zhang and Y. Li, 2008. Orthogonal
methods based ant colony search for solving
continuous optimization problems. Journal of
Computer Science and Technology, 23(1): 2-18.
Martens, D., M. De Backer, R. Haesen, J.
Vanthienen, M. Snoeck, B. Baesens, 2007.
Classification with Ant Colony Optimization.
IEEE Transactions on Evolutionary
Computation, 11(5): 651-665.

Yitzhaki, S. 1996. On Using Linear Regression
in Welfare Economics. Journal of Business &
Economic Statistics, 14(4): 478-486.

lifesciencej@gmail.com




